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ABSTRACT 24 
 25 
Pictorial representations of three-dimensional objects are often used to investigate animal 26 
cognitive abilities; however, investigators rarely evaluate whether the animals conceptualize the 27 
two-dimensional image as the object it is intended to represent. We tested for picture recognition 28 
in lion-tailed macaques by presenting five monkeys with digitized images of familiar foods on a 29 
touch screen. Monkeys viewed images of two different foods and learned that they would receive 30 
a piece of the one they touched first. After demonstrating that they would reliably select images 31 
of their preferred foods on one set of foods, animals were transferred to images of a second set of 32 
familiar foods. We assumed that if the monkeys recognized the images, they would 33 
spontaneously select images of their preferred foods on the second set of foods. Three monkeys 34 
selected images of their preferred foods significantly more often than chance on their first 35 
transfer session. In an additional test of the monkeys' picture recognition abilities, animals were 36 
presented with pairs of food images containing a medium-preference food paired with either a 37 
high-preference food or a low-preference food. The same three monkeys selected the medium-38 
preference foods significantly more often when they were paired with low-preference foods and 39 
significantly less often when those same foods were paired with high-preference foods. Our 40 
novel design provided convincing evidence that macaques recognized the content of two-41 
dimensional images on a touch screen. Results also suggested that the animals understood the 42 
connection between the two-dimensional images and the three-dimensional objects they 43 
represented. 44 
 45 
Keywords: picture recognition, food, equivalence, macaque 46 
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INTRODUCTION 47 
 48 
Pictorial stimuli are often used in experiments to represent the entities they depict. Using 49 
photographs, line drawings, slides and video to represent live animals or natural objects provides 50 
an alternative to presenting the real items as stimuli. Using images provides researchers with 51 
greater control over the stimuli presented to an animal and allows for repeated exposure of the 52 
same stimuli to all subjects in a study (D’Eath 1998; Fagot et al. 1999; Oliveira et al. 2000; 53 
Rosenthal 1999). However, an overriding concern when using images as stimuli rather than the 54 
actual items is whether the animals conceptualize the two-dimensional image as the three-55 
dimensional object it is intended to represent (see review by Bovet and Vauclair 2000). Animals 56 
across a wide range of taxa from spiders to primates appear to exhibit a capacity to conceptualize 57 
the content of two-dimensional images (see Table 2 in Bovet and Vauclair 2000).  58 
The techniques used to confirm picture recognition vary widely (see Bovet and Vauclair, 59 
2000, for a full review) with perhaps the most common being observation of “appropriate 60 
responses” when presented with an image. Among the many examples include rhesus monkeys 61 
(Macaca mulatta) showing fear when presented with a picture of a threatening individual 62 
(Sackett 1965), squirrel monkeys (Saimiri sciureus) responding to video images of predators 63 
with alarm calls or fear (Herzog and Hopf 1986), squirrel monkeys attempting to grasp a moving 64 
video image of insect food (Herzog and Hopf 1986) and female jumping spiders (Maevia 65 
inclemens) responding to videos of courting males with receptive behavior (Uetz and Smith 66 
1999). A variation of an appropriate response test is a “preference” test in which an animal 67 
selects between images in a manner that implies they recognize the content. For example, 68 
nonhuman primates provided with images of many primate species tend to selectively view their 69 
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own species, implying recognition of content (Dufour et al. 2006; Fujita 1987; Fujita and 70 
Watanabe 1995). Similarly, sheep (Ovis aries) given a choice between images in the arms of a 71 
Y-maze tend to select sheep faces more than human faces (Kendrick et al. 1992).  72 
Experimental approaches for testing picture recognition include transfer experiments in 73 
which animals successfully transfer a learned discrimination from objects to pictures or pictures 74 
to objects. For example, pigeons taught to discriminate seeds from inedible objects (e.g., sticks) 75 
were later able to discriminate photographs of the seeds from the objects (Wantanabe, 1993; 76 
1997). Matching of a three-dimensional object to a two-dimensional image also implies picture 77 
recognition (Cabe 1976; Delius 1992; Malone et al. 1980; Spetch and Friedman 2006; Tanaka 78 
1996; Truppa et al. 2009). Successfully sorting of images into prearranged categories also 79 
implies recognition, as, for example, when nonhuman primates reliably sort images into the 80 
categories food or non-food (Bovet and Vauclair 1998; Savage-Rumbaugh et al. 1980). Learning 81 
by viewing images or watching video also implies recognition as when chimpanzees learn the 82 
location of a food reward by watching a video (Poss and Rochat 2003). 83 
Despite widespread evidence for picture recognition in animals, Fagot et al. (1999) have 84 
cautioned that the ability should not be assumed in nonhuman subjects. They recommend that 85 
picture recognition should be tested directly before pictures are used as stimuli because animals 86 
may not recognize the content of images as a human experimenter would. Accordingly, Fagot et 87 
al. (1999) defined three levels at which animals might comprehend pictures. The first is 88 
"independence," in which an animal has no comprehension of the image and does not translate 89 
the patterns of shape and color in the two-dimensional stimulus into any recognizable object. The 90 
mental processes that occur when an animal views the image are independent of the object in the 91 
picture. The second is "confusion," in which the animal recognizes the content of the image but 92 
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confuses the image with the entity depicted, as, for example, when monkeys grab at pictures of 93 
food in an attempt to place them in their mouth (Bovet and Vauclair 1998; Parron et al. 2008). 94 
The third is "equivalence," in which the animal not only recognizes the content of the images, 95 
but also realizes that the image is a representation of an object and not the actual object. Humans 96 
achieve equivalence, although this comprehension is a developmental process. Children 97 
approximately nine months of age treat images with confusion as if the picture were the object, 98 
but by approximately 19 months children have learned through experience that the picture is a 99 
representation of and a referent to an object (DeLoache et al. 1998). In their review, Fagot et al. 100 
(1999) conclude that animals can recognize the content of images, but that evidence for 101 
equivalence in nonhuman animals is weak or contradictory. 102 
The capacity to recognize pictures is not universal and can depend on a variety of factors, 103 
however (Bovet and Vauclair 2000; Fagot et al. 1999). For example, chimpanzees (Pan 104 
troglodytes), a species that typically performs well in picture recognition tasks, failed to match 105 
objects to their photographs in one experiment (Winner and Ettlinger 1979). Baboons (Papio 106 
papio) can also show poor performance in matching pictures to objects and vice versa (Martin-107 
Malivel 1998). Birds often do not appear to recognize two-dimensional images (Bird and Emery 108 
2008; D'Eath and Dawkins 1996; Dawkins 1996; Dittrich et al. 2010; Patterson-Kane et al. 1997; 109 
Ryan and Lea 1994), probably due to physiological and perceptual differences in their visual 110 
system compared to humans (Delius et al. 2000). Animals may show some degree of picture 111 
recognition but only when the images are shown in a particular medium; and as the image is 112 
abstracted (e.g., from video to photograph or photograph to silhouette) recognition usually 113 
declines (Bird and Emery 2008; Cabe 1976; Delius 1992; Ganea et al. 2008; Pierroutsakos and 114 
DeLoache 2003; Tolan et al. 1981). Familiarity or experience with the objects depicted also 115 
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enhances picture recognition (Aust and Huber 2010; Fagot et al. 1999; Neiworth and Wright 116 
1994). Further, individual differences in the ability to recognize the content of images appears to 117 
occur within species as some individuals perform successfully on picture recognition tasks while 118 
others do not (e.g., Bovet and Vauclair, 1998; Martin-Malivel 1998; Tanaka 1996). The 119 
discrepancy could be accounted for by differences in task motivation, attention, or the capability 120 
of animals to carry out expected experimental procedures, but may also indicate individual 121 
differences in the cognitive ability to translate the two-dimensional image into a mental 122 
representation of the item depicted. 123 
An additional issue inherent in picture-object recognition studies that involve 124 
discrimination, matching and categorization is whether animals conceptualize the image as the 125 
object it represents. Animals can discriminate, match and categorize pictures and objects using 126 
features common to both stimuli (e.g., shape, color) without understanding the content of the 127 
images. Aust and Huber (2006, 2010) emphasize the importance of demonstrating 128 
“representational insight” in picture-object recognition studies in which it is shown that animals 129 
understand the relation between the content of pictures and the objects they represent. However, 130 
they point out that this relationship is rarely tested. The authors tested for this experimentally by 131 
training pigeons to select incomplete pictures (e.g., humans with heads out of frame) and then 132 
testing whether the birds would selectively choose images with the unseen portion (human 133 
heads) versus control stimuli. The birds tended to select images that would complete the picture 134 
they were trained to select and the authors concluded the birds exhibited representational insight 135 
or understanding of image content. 136 
Accordingly, methodologies should be developed that not only indicate animals perceive 137 
correspondence between an image and an object, but also suggest animals interpret the image as 138 
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the object it represents. We tested these capacities by assessing monkeys’ preferences among a 139 
group of objects and comparing those preferences to preferences for images of those same 140 
objects. We assumed that if animals recognized the images, they would select images of 141 
preferred items in order to receive them. Specifically, we assessed monkeys’ preferences for a 142 
wide range of food items and then exposed them to photographic images of two of those foods 143 
on a touch screen monitor. We provided them with a piece of whichever food they touched and 144 
animals learned to select the image of the preferred food in the pair in order to receive the food 145 
item. Once animals demonstrated that they would reliably select images of their preferred foods 146 
on one set of food items, we transferred them to images of a second set of different familiar 147 
foods and evaluated their choices. We predicted that if animals recognized the images presented 148 
on the screen, then they would spontaneously select images of their preferred foods on the 149 
second set of food images in order to receive the preferred food. Spontaneous transfer would rule 150 
out that animals were quickly learning an association between an unrecognizable image and its 151 
contingent food reward. We also tested whether animals touched images of their preferred foods 152 
more quickly than less-preferred foods. Quicker reaction times for images of preferred foods 153 
might indicate an expectancy for the real item the animal was about to receive and provide 154 
further support for picture/object correspondence. 155 
We used familiar food as stimuli because biological relevance is thought to improve 156 
performance on picture recognition tasks (Bovet and Vauclair 1998). In addition, since the 157 
appearance of food items often changes, it has been suggested that animals should be more likely 158 
to recognize and identify food items despite visual variation (Santos et al. 2001). We used lion-159 
tailed macaques (Macaca silenus) as subjects because nonhuman primates generally outperform 160 
other taxa on picture recognition tasks (Bovet and Vauclair 2000). Further, studies of 161 
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chimpanzees (Savage-Rumbaugh et al. 1980) and baboons (Papio anubis; Bovet and Vauclair 162 
1998) have demonstrated that primates can categorize images as food versus nonfood items. 163 
Numerous studies have tested macaques with pictorial stimuli to assess their cognitive abilities, 164 
particularly studies that test the extent to which macaques can successfully categorize images 165 
containing similar items (e.g., Wright et al. 1984). However, as previously mentioned, animals 166 
can perform successfully at such tasks without necessarily understanding the content of the 167 
images. One exception was a study in which macaques (Macaca mulatta) categorized images of 168 
objects with which they had had active experience more accurately than objects with which they 169 
had had only passive experience (Neiworth and Wright 1994). Only a few studies have been 170 
designed as systematic tests for picture recognition in macaques and these indicate that macaques 171 
can recognize the content of pictorial images (Malone et al. 1980; Tolan et al. 1981; 172 
Zimmermann and Hochberg 1970). Ours is perhaps the first study to systematically test for 173 
picture recognition of food items in macaques. 174 
Spontaneous selection of preferred food items on the novel transfer images would 175 
provide rather convincing evidence that animals recognized the content of the images, however, 176 
we designed a second experiment that would further support picture recognition and rule out 177 
rapid association learning of an unrecognizable stimulus with a food reward. In this experiment, 178 
we paired an image of a moderately preferred food with either a low-preference food or a high-179 
preference food. We predicted that, if the animals recognized the content, an image of the same 180 
moderately preferred food would be chosen when paired with an image of a low-preference food 181 
and would not be selected when paired with an image of a high-preference food. If animals did 182 
not recognize image content and were using association learning to pair an unrecognizable 183 
stimulus with receipt of a particular food reward, then, in this experiment, the stimulus of the 184 
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same medium-preference food would serve as a positive discriminative stimulus on some trials 185 
and as a negative discriminative stimulus on others. Macaques have the ability to learn such 186 
complex context-specific stimulus associations, but it takes hundreds of trials and extensive 187 
training to acquire the task (e.g., Gaffan 1979). We designed this experiment with a low number 188 
of trials (N = 50) and with unique food pairings on each trial. Medium preference foods were 189 
always paired with a different food stimulus, providing no opportunity to learn under which 190 
cases they were positive or negative discriminative stimuli. Thus, operant association learning, 191 
rather than picture recognition, would be a very unlikely explanation for successful performance. 192 
 193 
METHODS 194 
Subjects and Housing 195 
The animals tested were a group of five adult male lion-tailed macaques (Macaca 196 
silenus) housed at the Bucknell University primate facility in Lewisburg, Pennsylvania (Bert, 197 
Max, Pierre, Henri and Ranier). The group was established in 2002 from animals on loan from 198 
the San Diego Zoo. All animals had experience using a touch screen from previous experiments. 199 
Stimuli in prior experiments consisted of geometric shapes (black and grey squares) and patterns 200 
of color (as in Saito et al., 2003), but no animal had ever viewed images of food or any other 201 
naturalistic objects. Animals were housed in an indoor/outdoor enclosure consisting of a 9 x 11 x 202 
4.5 m outdoor compound and a 9 x 6 x 2.25 m indoor quarter. The indoor quarter was subdivided 203 
into three approximately 3 x 6 x 2.5 m compartments. The three compartments were joined 204 
through interconnecting doorways and each had a doorway leading to the outdoor compound. 205 
High-protein monkey biscuits and water were available ad libitum. Once daily, this diet was 206 
supplemented with an assortment of nuts, fruits, grains, cereals, and/or vegetables. 207 
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 208 
Procedures 209 
Assessment of Food Preferences 210 
Animals were trained to enter the indoor quarters and move into separate compartments 211 
for training and testing. Thirty-eight food items were used, eighteen of which were foods already 212 
routinely offered in the animals' diet. Twenty were new foods introduced into their diet in order 213 
to provide a sufficient number of choices to complete the planned regimen of training and 214 
testing. Animals were intr duced to the new foods in the days prior to preference assessment. 215 
We used a wide variety of visually distinct foods: cakes, candies, cookies, crackers, cereals, 216 
earthworms, fruits, monkey chow, nuts, and vegetables. Individual food preferences were 217 
assessed by presenting paired combinations of the 38 food items to each subject. A pair of food 218 
items was placed 40 cm apart on the surface of a 75 x 51 cm white horizontal platform, which 219 
was rolled up to the animals' caging. Animals would reach through the caging to take a food 220 
item, and the platform was retracted before they could take the second item. A pair of foods was 221 
presented to each animal twice, and, on the second presentation of each pair, the right or left 222 
orientation of the foods was reversed in order to control for a handedness bias. Preference tests 223 
were conducted over a period of 25 days, with each food being paired with another food an 224 
equivalent number of times. Initial preferences were assigned based on the total number of times 225 
each food was chosen over other foods. Preferences varied widely across individuals, and, like 226 
humans, the monkeys tended to favor less healthful sugary items and to eschew their vegetables 227 
(Table 1). We reassessed food preferences after each phase of training and testing to determine if 228 
preferences changed on the food pairs used in each phase. We intended to remove trials from 229 
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analyses in which a food preference reversed, but no preferences changed for any trial pair 230 
throughout the course of the study. 231 
 <Insert Table 1 here> 232 
Stimuli 233 
Digital photographs of each food were taken using a 3.34 megapixel Nikon Coolpix 995 234 
camera. Foods were photographed on a plain white background in a state that was similar to the 235 
way they were provided during feeding. For example, apples were photographed as slices rather 236 
than as whole fruit because that was how they were fed to the animals. Photographs were taken 237 
from the same distance (31 cm) and with the same lighting to control for size, color, shadow, and 238 
contrast. Each image was also edited using Adobe Photoshop™ to attain a pure white 239 
background but retain the shadows. Three or four different pieces of each food type were 240 
photographed from a variety of perspectives so that, when a food was used more than once 241 
during a testing session, animals never viewed the same image of that food (Figure 1a). Using 242 
multiple images of each food reduced the possibility that animals were rapidly learning an 243 
association between an unrecognizable stimulus and a particular food reward. 244 
 <Insert Figure 1 here> 245 
Training 246 
Prior to testing, animals needed to learn that they would receive a piece of the food 247 
depicted in an image if they touched that image on a touch screen. They also needed to learn that 248 
if two images were displayed on a screen, they received a piece of the food in the image they 249 
elected to touch and not the other food item. Finally, they needed to learn that they would receive 250 
a piece of the food they touched even though a piece of that food was not in view at the time of a 251 
selection. Each animal progressed through three training phases to acquire these concepts. 252 
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Images were presented using a 15" Elo touch screen monitor and a MacIntosh G3 computer 253 
running PsyScope experiment generating software (Cohen et al. 1993). A cart containing this 254 
apparatus was wheeled up to the caging and animals could reach through and touch the screen. 255 
In the first phase of training, a single image of food was presented on the screen, and, 256 
when an animal touched the image, it was rewarded with a corresponding piece of food. A trial 257 
began with a "start screen" containing a green rectangle at the bottom of the screen that subjects 258 
were required to touch to begin each trial. The start screen ensured that subjects were in front of 259 
the screen and ready to participate when the test stimulus appeared. A start screen was used to 260 
begin all trials throughout the remaining training phases and experiments. Once the start screen 261 
bar was touched, a 5.5 x 5.5 cm image of a food item was displayed in the center of the screen. 262 
Images were 546 x 410 pixels in resolution. During the trial, the experimenter held a piece of the 263 
food depicted in the image above the testing apparatus approximately 60 cm from the subject. 264 
When an animal touched the image, a piece of that food was dropped into a box affixed 16.5 cm 265 
to the right of the screen. Animals reached their hand through a 7.6 x 10.2 cm hole to retrieve the 266 
food from the box. The picture remained on the screen while the animal consumed the food to 267 
allow the animal to associate the image with the food. In the case of animals that recognized the 268 
two-dimensional image, they might learn more quickly that they were receiving the food that 269 
they touched. In the case of animals that were not recognizing the two-dimensional image, 270 
additional exposure to the image might allow them to learn that the three-dimensional object they 271 
received corresponded to the two-dimensional image. After the food appeared to be fully 272 
consumed, the experimenter advanced to the next trial. The experimenter also advanced to the 273 
next trial if the animal discarded a food item. Six of the thirty-eight food items were used in this 274 
phase of training. Animals received four sessions of one-food training with twenty trials per 275 
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session. The 20 trials consisted of a randomized list of three exemplars of each food. The 276 
randomized list of images presented was formulated before each session so the experimenter 277 
could arrange the foods in a holding tray in the proper order and be prepared to proffer the 278 
correct food for each trial. The apparatus also contained a second computer monitor displaying 279 
the screen observed by the animal to the experimenter, providing further coordination between 280 
the image displayed and the reward presented by the experimenter. 281 
In the second phase of training, animals were presented with two images of food on a 282 
trial and were provided with the one that they touched. A trial began with two 5.5 x 5.5 cm 283 
images appearing in the center of the screen 3 cm apart (Figure 1b). While the food images were 284 
presented, the experimenter held a piece of each food above the apparatus in view of the subject. 285 
One piece was held in each hand approximately 20 cm apart. When an image was touched, it 286 
remained on the screen while the second image disappeared. The animal was then given a piece 287 
of food corresponding to the image selected. Selected images remained visible on the screen 288 
until the food was consumed, and then the experimenter removed the selected food image from 289 
the screen by advancing to the next trial. Selected images were kept visible while the animals 290 
consumed the food to help the animals learn that they received the item from the pair that they 291 
touched. If animals did not consume the food item, usually by quickly discarding it, the rejection 292 
was recorded and the experimenter advanced to the next trial. 293 
Twenty-four trials were conducted in each session. Food pairs consisted of 16 foods that 294 
were not used in the first phase of training. A food pair in each trial was based on the results of 295 
initial preference assessments obtained for the 16 foods as described above. Highly preferred 296 
foods were randomly paired with low-preference foods to create 24 food pairs, under the 297 
condition that no food was ever paired with the same food twice. If a food recurred among the 24 298 
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food pairs (i.e., it happened to be paired with more than one food), we used images of that food 299 
photographed from different perspectives so that a particular image was not used more than once 300 
in the session. A unique set of 24 image pairs was created for each subject that was tailored to 301 
their individual preferences. Food images were randomly presented on either the left or right side 302 
of the screen. Food items displayed to the animal by the experimenter were also randomly 303 
presented in either the left or right hand so the side on which that food was held did not 304 
necessarily correspond to the side that the food image was presented on the screen. As in the first 305 
phase of training, randomized schedules of presentation were constructed prior to training 306 
sessions so that the experimenter could prepare a tray containing each pair of foods in the order 307 
they occurred in the session and be ready to display the foods to the animal and provide the 308 
selected food. 309 
To advance through training, subjects had to demonstrate a capacity to select the image 310 
of their preferred food. Our criterion was selection of images of preferred food items in a session 311 
significantly more often than expected by chance. Using 24 pairs in a session with a 50% chance 312 
of randomly selecting the preferred food, 17 out of 24 selections of preferred food would indicate 313 
one-tailed statistical significance (according to a Chi-square distribution. In addition, we required 314 
that each subject complete three consecutive training sessions of over chance selection of 315 
preferred foods in order to complete training. For each session, the same 24 food pairs were 316 
presented in a randomized order. 317 
The third training phase was identical to the previous phase except that the food items 318 
were no longer displayed to the animal during each trial. The training was necessary because we 319 
wished to test spontaneous picture recognition in the transfer experiment and no foods could be 320 
displayed concurrently with the images. The image pairs in each session were the same as those 321 
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used in the previous training with the order of pairs randomized in each session. Again, animals 322 
were required to choose the image of their preferred food significantly more often than chance 323 
on three consecutive 24-trial sessions to complete training. 324 
 325 
Transfer Experiment 326 
The procedures for the transfer experiment were identical to those used in the third phase 327 
of training except that we used the final 16 foods from the original pool of 38 as stimulus 328 
images. Foods represented the most and least preferred items from the original preference 329 
assessments. Animals selected between images of familiar foods they had never viewed as 330 
images and the foods depicted were not displayed to the animals during trials. Images of 8 331 
preferred and 8 non-preferred foods were semi-randomly paired to form a 24-trial session of 332 
preferred and non-preferred pairs with the conditions that each food appeared three times during 333 
the session and no food was ever paired with the same food. In addition, the three presentations 334 
of each food in a session were a different depiction of the food (e.g., Figure 1a). Providing 335 
unique exemplars of the foods would prevent the learning of a rapid association between a 336 
particular unrecognizable stimulus and a contingent food reward. If animals were spontaneously 337 
recognizing the food images, we expected them to select images of preferred foods significantly 338 
over chance on the first transfer session. Unsuccessful transfer would suggest that the animals 339 
did not recognize the images and were able to complete their training by learning that particular 340 
stimuli, although unrecognizable as food, were associated with preferred rewards. To test for a 341 
possible learning effect, in which performance would improve with repeated presentations, we 342 
conducted two additional transfer sessions by presenting the 24 pairs from the first transfer 343 
session in a random order. 344 
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 345 
Relative Preference Experiment 346 
We tested for "relative" preferences by dividing foods into high, medium and low 347 
preference categories based on each animal's original preference assessments. Using 5 high-348 
preference foods, 5 low-preference foods and 10 medium-preference foods, we created 50 349 
pairings, each of which contained a medium-preference food. In half of the pairs the medium-350 
preference food was paired with a lower-preference food and, in the other half, the medium-351 
preference food was paired with a higher-preference food. A unique pair of foods was used in 352 
each of the 50 trials, and the two foods in each pair had not been paired in any previous training 353 
or transfer trials. The 50 pairings were presented in two 25-trial sessions. Each food was viewed 354 
twice in a session, but a different depiction of that food was used the second time it was 355 
displayed. Animals were tested using the same procedures as the transfer experiment: pairs of 356 
images were presented on the screen without the foods in view, and animals were provided with 357 
the food corresponding to the image they selected. 358 
 359 
Data Analyses 360 
For the transfer experiment, we tallied trials on which animals chose the image of their 361 
preferred food based on their known preferences for those foods and conducted two-tailed 362 
binomial tests to determine if each animal selected preferred foods significantly more than non-363 
preferred foods in each of the three transfer sessions. With 24 trials in a session, selecting 18 out 364 
of 24 preferred foods (75%) would attain two-tailed statistical significance at p ≤ .05. For the 365 
relative preference experiment, we pooled data from the two 25-trial sessions for each animal 366 
resulting in 25 trials in which a medium-preference food was paired with a low-preference food 367 
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and 25 trials in which those same medium-preference foods were paired with high-preference 368 
foods. We tallied the number of trials in which a medium-preference food was selected under 369 
each pairing type and conducted two-tailed binomial tests to determine if the medium preference 370 
food was selected significantly more or less often. With 25 trials of each pairing type, 18 out of 371 
25 selections (72%) would be significantly more than expected and 7 out of 25 selections (28%) 372 
would be significantly less than expected at p ≤ .05. 373 
The speed with which animals selected preferred versus non-preferred food images 374 
during paired presentations was evaluated by obtaining reaction times for these two categories of 375 
image for each subject in each phase of training, the transfer test, and the relative preference test. 376 
We used each subjects’ median reaction times for preferred and non-preferred items in analyses, 377 
rather than means, in order to reduce the influence of extreme cases. Animals were free to take 378 
long intervals before responding, sometimes creating long response latencies. Animals also 379 
anticipated the arrival of the stimuli and sometimes rapidly touched an area of the screen where 380 
stimuli were due to arrive. Using the median response time that an animal took to select images 381 
of preferred versus non-preferred food reduced the influence of these extremes. Since the goal 382 
for analyzing reaction times was to determine whether the animals responded more quickly 383 
because they recognized and anticipated the preferred reward from a pair, we used the data from 384 
the last three sessions of the two training phases because this was the point at which animals 385 
were reliably choosing images of their preferred foods and had reached our criterion for apparent 386 
picture recognition. Examination of reaction times in the early sessions of training would not 387 
provide an appropriate test because, initially, some animals did not show any indication that they 388 
recognized the images. We examined the first transfer session because this was the first time the 389 
animals were viewing images of the foods depicted. If they selected images of their preferred 390 
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foods more quickly on their first exposure to them, the result would support an expectancy for 391 
the object in the image. Finally, in the relative preference test, we compared pairings when the 392 
preferred food was selected (high preference over medium preference plus medium preference 393 
over low preference) to pairings when the non-preferred food was selected (medium preference 394 
over high preference plus low preference over medium preference). We wished to compare 395 
response latencies between preferred and non-preferred food images across subjects in each 396 
phase of training and testing, but, with five subjects, there were too few degrees of freedom (df = 397 
4) to conduct conventional paired t tests. To estimate the probability of obtaining the differences 398 
between preferred and non-preferred food latencies, we ran a resampling version of a paired t test 399 
developed by Howell (2010). The test randomly assigns a positive or negative sign to the paired 400 
difference scores of each subject and conducts a t test under the assumption that, under a null 401 
hypothesis, each difference would have an equal chance of being positive or negative. After 402 
numerous random permutations and accompanying t values, the tests indicate the probability of 403 
obtaining the t value for the observed difference scores in relation to those for the random 404 
differences. We conducted the tests using 100,000 permutations and a two-tailed probability of 405 
.05. 406 
 407 
RESULTS 408 
Training 409 
All five monkeys completed training, but exhibited a wide range of individual variation 410 
in the number of sessions to meet our training criterion of three consecutive testing sessions of 411 
over chance responding (Table 2). When first exposed to pairs of stimuli in the second phase of 412 
training, in which the foods in each pair were shown to the animal, Bert required the minimum of 413 
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three testing sessions to meet our criterion of three consecutive testing sessions of over chance 414 
responding. He selected his preferred foods over chance levels on his first exposure to the images 415 
and continued to do so. In the third phase of training, in which the foods in the pairs were no 416 
longer shown by the experimenter, he continued to select his preferred foods and again 417 
completed training in the minimal three consecutive sessions. Unlike Bert, the other monkeys did 418 
not reach our criterion spontaneously. Henri required eight sessions to reach criteria when foods 419 
matching the images were displayed during trials, but required no extra training when the foods 420 
were no longer visible in the last training phase. The other three monkeys required numerous 421 
sessions to reach our training criterion. Max had the greatest difficulty learning to select images 422 
of his preferred foods in order to receive them, requiring 19 sessions to learn the procedure even 423 
while the foods depicted in the images were in view during selections. 424 
 <Insert Table 2 here> 425 
Although some animals took many sessions to reach our training criterion of over chance 426 
selection of preferred food images in three consecutive testing sessions, performance during the 427 
first exposure to pairs of images in the second phase of training suggested that they were 428 
recognizing the images to some extent. Although not all statistically significant, all five animals 429 
selected more preferred food images than non-preferred food images on their first day of training 430 
(Figure 2). Like Bert, Pierre selected images of preferred items significantly above chance during 431 
his first two training sessions. As training sessions progressed until reaching criterion, with few 432 
exceptions, animals continued to select more images of their preferred foods (Figure 2).  433 
 <Insert Figure 2 here> 434 
Transfer Experiment 435 
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When viewing images of familiar foods for the first time, three of the five subjects (Bert, 436 
Henri and Pierre) chose images of preferred foods over non-preferred foods significantly more 437 
than expected during their first transfer session (Figure 3). These monkeys continued to select 438 
images of their preferred foods during their two subsequent transfer sessions. Max did not select 439 
images of preferred foods significantly higher than chance on his first day of transfer, but 440 
performed significantly above chance during his second and third transfer sessions. Ranier did 441 
not select images of preferred foods significantly higher than chance on his first day of transfer 442 
or in the two subsequent transfer sessions. Because Ranier was not consistently selecting images 443 
of his preferred foods, he was not used in the relative preference experiment. 444 
 <Insert Figure 3 here> 445 
Relative Preference Experiment 446 
Three of the four macaques tested selected the medium-preference foods significantly 447 
more often when they were paired with lower-preference foods and selected the same medium-448 
preference foods significantly less often when they were paired with higher-preference foods 449 
(Figure 4). The fourth monkey, Max, selected the medium-preference foods significantly more 450 
often when they were paired with lower-preference foods, but did not select those same medium-451 
preference foods significantly less often when they were paired with higher-preference foods. 452 
 <Insert Figure 4 here> 453 
Reaction Times 454 
Animals tended to select images of preferred foods more quickly than those of non-455 
preferred foods in three of the four conditions (Figure 5), but the resampling procedure indicated 456 
that only the result for the relative preference test had less that a 5% likelihood of occurring: 457 
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training with food in view (p = .69), training with food out of view (p = .06), the first session of 458 
transfer (p = .31) and the relative preference test (p < .001). 459 
 <Insert Figure 5 here> 460 
 461 
DISCUSSION 462 
Three of five monkeys (Bert, Pierre and Henri) showed clear evidence of picture 463 
recognition by selecting images of their preferred foods during their first transfer session in 464 
which they had never viewed the foods as images before. For one of these monkeys (Bert), 465 
picture recognition was spontaneous as he began selecting images of his preferred foods upon 466 
first exposure to pairs of food images and continued to do so throughout training, transfer and the 467 
relative preference experiment. Bert’s results alone indicate that nonhuman primates are capable 468 
of representing a 3D object from a 2D picture. For Pierre and Henri, it is difficult to conclude 469 
whether their picture recognition abilities were spontaneous or learned because it took them 470 
several training sessions to begin selecting their preferred foods reliably. To eventually 471 
demonstrate picture recognition, an animal needed to learn or understand two concepts. One was 472 
that the images represented real objects and the second was that they received a piece of the food 473 
they selected. Animals may have spontaneously realized the images represented real objects 474 
when they first viewed them, but took many sessions to learn the reward contingency that they 475 
would receive the item that they touched. Or, conversely, animals may not have recognized the 476 
images at first but gradually learned to do so as they also learned the reward contingency. An 477 
animal could also perform successfully without recognizing the content of the images by 478 
associating an unrecognized stimulus with a particular reward and learning to select the stimuli 479 
that produced preferred rewards. The latter was a possibility with Pierre and Henri at the 480 
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beginning of the study, but we know they eventually understood the picture-object translation 481 
because they spontaneously selected preferred foods in the transfer experiment. We cannot 482 
distinguish which of these three avenues to picture recognition that Pierre and Henri took, and 483 
there may be others. Pierre’s over-chance selections of preferred-food images on his first day of 484 
training (Figure 2) suggest that he spontaneously recognized the images. In any case, their 485 
transfer results indicate that Pierre and Henri eventually demonstrated the ability to recognize 486 
pictures.  487 
Results for Max and Ranier were, at best, equivocal evidence for picture recognition. 488 
They took relatively longer to learn to select the images of their preferred foods during training, 489 
particularly when the food items depicted in the images were no longer being held in view by the 490 
experimenter (Table 2). Their pattern of results may be more consistent with animals that did not 491 
recognize the images and learned to associate the unrecognized stimuli with preferred rewards. 492 
Max’s performance in the transfer experiment also is consistent with gradual learning without 493 
recognition. He did not select preferred foods significantly more often in his first transfer 494 
session, but did so in subsequent sessions, perhaps learning which stimuli provided which 495 
rewards. Ranier did not even exhibit evidence for gradual learning in his three transfer sessions.  496 
The relative preference experiment provided corroboration for the transfer experiment 497 
and additional evidence that three animals recognized the content of the images. The three 498 
animals that showed picture recognition in the transfer experiment (Bert, Pierre and Henri) also 499 
performed as predicted in the relative preference experiment. All three animals selected images 500 
of medium-preference foods when they were paired with low-preference foods but did not select 501 
images of the same medium-preference foods when they were paired with images of highly 502 
preferred foods. If animals were treating the images as unrecognizable stimuli that were 503 
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associated with preferred rewards, then it may have been possible for them to learn to select 504 
particular stimuli to receive preferred rewards. They would have to learn to select the stimulus 505 
when paired with some stimuli and not select it when paired with others. In other words, the 506 
stimulus for the medium-preference food would have to act as a positive discriminative stimulus 507 
when paired with some stimuli and a negative discriminative stimulus when paired with several 508 
others. Monkeys are capable of such complex stimulus associations (Gaffan 1979), but this form 509 
of learning was not possible since the medium-preference foods were paired with unique items in 510 
each trial. In addition, if animals viewed the same food twice in a session, it was a different 511 
exemplar of the food, so they would have to generalize the stimulus across the three or four 512 
different exemplars of that stimulus to succeed through learning rather than recognition. 513 
Therefore, success did not depend on learning of stimulus associations, but on the memory of 514 
preferences for the objects depicted in the images. The relative preference study also indicated 515 
that their preferences were not all or none, but arranged along a continuum in which a medium-516 
preference food can be considered non-preferred in one context (when paired with a more 517 
preferred item) but preferred in another (when paired with a less desirable food).  518 
The large range of individual differences among the five monkeys may reflect differences 519 
in motivation, attention, testing ability, or temperament. Ranier, the animal that performed most 520 
poorly on the transfer experiment, tended to respond rather quickly compared to the other 521 
animals, especially on trials in which non-preferred food images were selected. His median 522 
response latency for non-preferred food images was less than half that of the other four subjects 523 
(301 ms versus 652, 861, 970, and 1254 ms). We assume he often selected impulsively and 524 
consequently received many foods he did not desire. We recorded whether animals ate the foods 525 
they selected and, during his transfer experiment, Ranier always ate the preferred foods he 526 
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selected and never ate the low-preference foods he selected. Since he would receive some food 527 
no matter which image he selected, perhaps he began to touch any image as soon as possible to 528 
see what he received. If he did not want the food item, he would discard it and respond quickly 529 
again to see what he received on the next trial. Since he completed training, we know Ranier was 530 
capable of selecting stimuli in order to receive preferred foods, but he may have been successful 531 
due to association learning without recognizing the images. The rapid pattern of responding may 532 
have been a simpler solution for obtaining preferred foods than memorizing the rewards 533 
associated with a whole new set of transfer stimuli. We cannot draw any conclusions concerning 534 
Ranier’s picture recognition ability, however, a lack of performance is not necessarily an 535 
indicator that he could not recognize the images. Another factor that is rarely considered is 536 
variation in visual acuity among the animals being tested. Many of the food images looked rather 537 
similar when photographed as they are prepared for feeding (e.g., small slices of sweet potato 538 
and carrot) and would be difficult to distinguish if an animal was simply nearsighted. Similar 539 
studies of baboons also show individual variability in their ability to recognize pictures of food 540 
(Bovet and Vauclair 1998) and other objects (Martin-Malivel 1998). Another possibility is that 541 
there may be individual differences in the ability of animals to recognize the content of the two-542 
dimensional images presented on the touch screen. In interpreting any experiment in which 543 
images are intended to represent actual objects, an investigator should take into consideration 544 
that some animals may not translate the two-dimensional image into a mental representation of 545 
the item depicted. 546 
Selection of images of preferred food items during transfer indicated that the animals 547 
recognized the content of the images, but did not necessarily mean that the animals made a 548 
connection between the image on the screen and the object they received. Animals may have 549 
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recognized the content of the images and learned the general rule “select preferred food” 550 
knowing they would receive some form of preferred reward for their response, but may not have 551 
made the connection between the image and the particular object they received. The reaction 552 
time data could have been more helpful in inferring which cognitive process was occurring 553 
because faster reaction times for preferred foods might infer that animals expected to receive the 554 
particular piece of food in the image. Preferred foods were selected faster than non-preferred 555 
foods in three of the four conditions examined (Figure 5) and the difference was statistically 556 
significant for the relative preference test, providing suggestive evidence that animals expected 557 
to receive what was depicted in the image. Additionally, based solely on anecdotal evidence, we 558 
would contend that the animals expected what they touched. Experimenters observed that the 559 
monkeys would become noticeably excited when a particularly preferred item was displayed on 560 
the screen and they would more quickly place their hand in the hole to be given those foods after 561 
touching the stimulus for that item. We recommend that reaction time analyses should be 562 
pursued further to address this issue because our tests had few subjects and the low sample size 563 
reduced the power of the tests. We should also point out that reaction times were quite fast and 564 
there may have been a ceiling effect in that the animals could not have responded much faster to 565 
preferred foods as they were responding quite quickly to both types of items. In any case, the 566 
cognitive process underlying choices deserve further investigation and continued testing of 567 
reaction times may inform the issue. 568 
The novel design combined elements of several techniques used to test for picture 569 
recognition. Ours was a “preference” study in that animals selected images of their preferred 570 
food items. We did not have to infer preferences because we recorded their known preferences 571 
for a variety of foods beforehand and these did not change. As such, we showed that animals 572 
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would make “appropriate responses” to pictures to receive their preferred foods. Our design was 573 
similar to a recent study that attempted to take advantage of animals’ prior learning of a 574 
discrimination to test for picture recognition (Dittrich et al. 2010). Pigeons that were shown to 575 
react differently to the person that fed them than to other individuals were then tested to 576 
determine if they would select images of their caretaker rather than images of other people. They 577 
did not and the authors concluded that the birds did not recognize the images. The result shows 578 
the promise of the preferred image design in testing for picture recognition and, perhaps, a 579 
fundamental difference between macaques and pigeons.  580 
Our design also incorporated an experimental approach in that we trained animals on one 581 
set of stimuli and tested them after transferring them to a novel set of stimuli. The transfer aspect 582 
is not unlike other studies in which the experimenter trains the animal to discriminate a particular 583 
type of image and then transfers to a novel set of stimuli to determine if they will continue to 584 
select the training stimulus (Wantanabe 1993, 1997). One advantage of our method is that we did 585 
not train the animals to make a discrimination (preferred versus non-preferred food), but took 586 
advantage of their already-established discriminations between food items to test for picture 587 
recognition. If one trains an animal to discriminate one set of objects from another, one can never 588 
know if animals recognized the images as the actual entity when initially learning or whether 589 
they were using other attributes in the images to learn the discrimination. An animal could then 590 
use the same attributes on the transfer images without necessarily understanding what the 591 
pictures represented. 592 
This confound was a possibility with our design if the preferred foods used in both 593 
training and transfer contained common physical cues that allowed animals to select images of 594 
preferred foods without recognizing the content, perhaps because preferred foods shared the 595 
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same shape or color. Our comparison of the images indicated this was not the case. For example, 596 
"Banana" and "Peanut" were both among three of five animals' most preferred foods (Table 1) 597 
and animals tended to select those images, yet the images of the foods bore no resemblance to 598 
each other. The "Banana" images were pictures of a transverse section of a thawed fruit, so they 599 
were circular with a dark brown peel circumscribing tan banana fruit. The "Peanut" images were 600 
of two nuts within their single shell. Similar discrepancies in appearance could be noted about 601 
many of the other preferred food images. Animals appeared to be selecting based on flavor rather 602 
than a generalized visual stimulus common to the preferred versus non-preferred foods. For 603 
example, four of five monkeys had both "Banana" and "Banana cake" in their top five choices 604 
and Henri preferred both "Peanut" and "Peanut butter cracker," items similar in taste but not 605 
appearance. At the other end of the preference spectrum, many of the least preferred foods were 606 
green vegetables (Table 1), so animals may have generalized a "pick images without green" rule 607 
that helped in obtaining preferred foods without recognizing the content of the images. However, 608 
even though no animal's top five foods were green, some fairly high-preference foods were (e.g., 609 
apple-flavored breakfast cereal). Also, many low-preference foods were vegetables that were not 610 
green (e.g., yellow squash and cauliflower), or were neither raw vegetables nor green (e.g., 611 
earthworms and popcorn). If an animal generalized a "pick images without green" rule, they 612 
would often receive non-preferred foods and sometimes forego preferred ones. By testing 613 
animals on a non-visual cue (i.e., flavor preference), we reduced or removed visual cues as a 614 
source of confound for picture recognition and could conclude that they understood content. Aust 615 
and Huber (2006, 2010) emphasize the importance of demonstrating such “representational 616 
insight” in picture recognition studies. 617 
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Taken together, results of the transfer and relative preference experiments provide strong 618 
evidence that some macaques recognized the content of two-dimensional images displayed on a 619 
touch screen. Correlating an animal's known preferences for foods to their choices of food 620 
images allowed us to demonstrate picture recognition. Fagot et al. (1999) recommend such 621 
systematic testing because few studies using images as stimuli actually test for recognition of 622 
content. One change we might consider in replication of the experiment on another group of 623 
subjects would be to begin training without presenting real exemplars of the food in view for the 624 
animals. Successful initial training using this procedure would provide even stronger evidence 625 
for picture recognition and a picture-object association. We did not use this procedure because 626 
we were concerned that the animals would have difficulty learning the experimental protocol and 627 
that initial testing without exemplars in view might interfere with later training. Our concern was 628 
borne out as some animals took many sessions to learn the testing procedure even with the foods 629 
pictured in the images in view. 630 
Finally, our data may help elucidate the cognitive processes the monkeys used as they 631 
evaluated the images; namely whether animals regarded the images with independence, 632 
confusion, or equivalence (Fagot et al. 1999). Three of our monkeys (Bert, Pierre and Henri) 633 
showed evidence of picture recognition, ruling out independence between the visual stimuli 634 
presented on the screen and the objects they represented, although independence cannot be ruled 635 
out for the other two monkeys (Max and Ranier). Bert and Pierre may have treated the images 636 
with confusion at first as indicated by their spontaneous selection of preferred food images on 637 
their first day of paired training, however, several factors lead us to discount this explanation. 638 
First, they did not grab for the images as if to pick them up. Second, they had gone through the 639 
first phase of training in which they touched a single image on the screen while the experimenter 640 
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was holding the item over the screen. The experimenter then placed the item where the monkeys 641 
could retrieve it through a hole to the right of the screen. The image remained on the screen 642 
during this process, so the monkeys could see that the image was not what they were receiving. 643 
Thus, prior to paired testing, they had experience learning that the image was different from the 644 
object they received. Third, animals had previous experience using the touch screen and were 645 
accustomed to touching stimuli on the hard flat surface with their fingertips and receiving 646 
rewards through the hole to the lower right of the screen. When they touched a correct stimulus, 647 
they would place their hand through the hole and await the reward. Bert and Pierre treated the 648 
food images in much the same way: touching them with their fingertip and quickly proffering 649 
their hand through the hole. They did not appear to treat the image on the screen as the object 650 
they expected to receive in their hand. Finally, by the time animals had completed training and 651 
testing, they had gained much experience touching the hard image on the screen and receiving 652 
something else through the hole while the image stayed on the screen. Taken together, we 653 
assume they differentiated the image from the food.  654 
If animals demonstrating picture recognition did not show independence or confusion, we 655 
must conclude that they regarded the images with equivalence and understood that the image was 656 
a representation of a real object. Henri's pattern of performance ma , perhaps, be the best 657 
evidence for possible equivalence. He did not exhibit confusion because he did not immediately 658 
begin to select his preferred foods during paired training. He did not seem to recognize the 659 
images as food at first, but gradually learned after many training sessions with food in view that 660 
the images could represent food (Table 2). Having learned this association with food items in 661 
view, he quickly completed his second phase of training, in which the foods in the images were 662 
no longer in view, in the minimal number of sessions. He then used his image recognition ability 663 
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to obtain preferred foods when he was transferred to images of different familiar foods. Since he 664 
did not seem to treat the images as real objects initially, we would not expect him to start treating 665 
them as such (i.e., confusion) after realizing they could represent food. As such, his performance 666 
implied that a macaque developed equivalence, realizing that an image can represent an object 667 
without being the object, a process also referred to as dual representation (DeLoache 2004). 668 
Interestingly, Henri’s performance appears similar to human infants who gradually learn 669 
that a picture can represent an object and, as such, act as a symbol for an object (DeLoache et al. 670 
1998; DeLoache 2004). On the other hand, if Bert treated the images with equivalence, then this 671 
adult monkey probably developed equivalence differently than a human infant. He did not seem 672 
to show confusion at first, as do human infants (DeLoache et al. 1998), and he did not seem to 673 
come the realization of equivalence gradually since he spontaneously began selecting images of 674 
his preferred foods. Our study did not test for equivalence directly, so we can only speculate as 675 
to whether our monkeys perceived equivalence or thought symbolically. However, before one 676 
uses images to posit these issues, one must first demonstrate that animals recognize the content 677 
of the image and animals recognize the connection between a 2D image and a 3D object. Our 678 
design reliably allowed us to make these assertions, providing avenues for further investigation 679 
into the origins of symbolic thought in monkeys and other species.  680 
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 791 
FIGURE LEGENDS 792 
 793 
Figure 1. Exemplars of (A) three different stimulus images of the food item “broccoli” with 794 
different pieces photographed from different perspectives and (B) a pair of stimuli as they would 795 
appear on the touch screen during a trial. 796 
 797 
Figure 2. Frequency of preferred food image selections in 24-trial training sessions by each 798 
subject during the second phase of training in which animals were first exposed to pairs of food 799 
images and the foods were held in view. Animals were trained until they reached three 800 
consecutive sessions of over chance performance (17 out of 24 preferred food selections). 801 
Chance performance was 12 selections of preferred food (indicated by the dashed line). 802 
 803 
Figure 3. Percentage of preferred food images chosen in the first through third transfer sessions 804 
for each subject. The black bar highlights the critical first transfer session. The dashed line 805 
represents expected performance on the two-choice task if subjects were responding randomly 806 
(50%). Percentages that reached or exceeded the solid line (75%) represent selections 807 
significantly above chance levels. 808 
 809 
Figure 4. Percentage of trials on which each subject selected the medium-preference food rather 810 
than a lower-preference food (black) and the medium-preference food rather than a higher-811 
preference food (grey). The dashed line indicates the 50% expected by chance on the two-choice 812 
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task. Percentages that exceeded the upper solid line were significantly above chance. Percentages 813 
that did not attain the lower-solid line were significantly below chance. 814 
 815 
Figure 5. Mean (+se) median reaction times when selecting between images of preferred foods 816 
(white) and non-preferred foods (black) in each of the four conditions. 817 
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Table 1. Of the 38 foods presented, the five most preferred and least preferred for each subject. 
 
 Subject 
 
 Preference Rank Bert Henri Pierre Max Ranier 
Most Preferred 1 Oat cookie Peanut butter cracker Banana cake Banana cake Vanilla cookie 
 2 Banana cake Banana Oat cookie Banana Banana 
 3 Peanut Banana cake Vanilla cookie Vanilla cookie Banana cake 
 4 Apple Peanut Peanut Oat cookie Marshmallow 
 5 Banana Vanilla cookie Orange Peanut Peanut butter cracker 
 
Least Preferred 34 Fruit loop Cauliflower Spinach Cabbage Monkey chow 
 35 Squash Green bean Cabbage Broccoli Popcorn 
 36 Celery Cabbage Cauliflower Squash Celery 
 37 Spinach Spinach Broccoli Cauliflower Cauliflower 
 38 Earthworm Broccoli Green bean Spinach Broccoli 
Page 38 of 45Animal Cognition
For Review Only
Table 2. Results of training for each subject indicating the number of 24-trial sessions needed to 
reach three consecutive sessions of over chance responding 
 
 Subject 
Training Phase Bert Henri Pierre Max Ranier 
Food in images held in view 3 8 8 19 8 
Food in images not in view 3 3 5 9 10 
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